Abstract
Introduction 39 Trees provide many benefits to people (Davies et al., 2017) and these have been collectively termed as 40 ecosystem services (ES) (Reid et al., 2005) . Urban environments typically have considerably fewer trees 41 than rural environments, meaning that urban populations may have less access to the ES that trees 42 provide. In dense urban environments these ES can be of significant importance, for example helping to 43 mitigate the urban heat island (UHI) effect. This effect occurs where built-up areas absorb more heat 44 energy than surrounding rural environments and together with the high density energy fluxes from 45 human activity lead to pronounced increases in ambient surface and air temperature (Arnfield, 2003) .
46
UHIs contribute to human heat stress and the plethora of associated health problems: for example, Health Protection Agency (2012) reported that heat-related mortality already accounted for 2,000 48 premature deaths in the UK and forecast this to increase to around 10,800 premature deaths by 2080. 
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105
This study aimed to evaluate the impact of urban trees on 1) mechanical cooling loads in buildings, and 106 2) energy cost savings associated with cooling ambient air by mechanical means. Energy saving was 107 evaluated through a) direct comparison of E t to evaporative cooling using an enthalpy-based approach 108 to valuate latent heat of evaporation from tree transpiration, and b) by incorporation of E t into 109 established dynamic building thermal and air flow modelling programs -TRNSYS and TRNFLOW. 393  394  395  396  397  398  399  400  401  402  403  404  405  406  407  408  409  410  411  412  413  414  415  416  417  418  419  420  421  422  423  424  425  426  427  428  429  430  431  432  433  434  435  436  437  438  439  440  441  442  443  444  445  446  447  448 9 214 cooling demand. For this reason, the modelling was broken into two conceptual parts: (i) E t influence on 215 outdoor air temperature, and (ii) a simplified representation of a building to understand cooling demand 216 at a given cooling set-point temperature, as the energy needs for cooling are also impacted by relative 217 humidity (RH).
219
For this element of the research, Inner London was adopted as the case study area. Using the i-Tree Eco 220 published leaf area density and the average E t R for the urban forest composition of Inner London it was 221 possible to determine the change in absolute humidity of the volume of air surrounding a building (or in 222 a street canyon, see below) at a given moment in time.
Modelling the E t effect of trees as an evaporative 223 cooling process with constant enthalpy, a psychrometric chart (Supplemental Figure 1 ) was used to 224 determine a temperature drop in the air surrounding the trees, assuming that the entire E t was used in 225 cooling the air, and that effects remained local to the tree and buildings (i.e. no boundary layer mixing).
226
The minimum, mean and maximum E t R (Table 1) were applied to the leaf area density of Inner London
227
(from Table 2 ) and scaled to a modelled building area (Figure 2 ). This scaled E t R was used to calculate a 228 temperature drop in a volume of air immediately surrounding the simplified representations of a 229 building, and these representations were assumed to be homogenously representative of Inner London 230 when scaling the energy efficiencies for valuation purposes.
232
Two zonal models were developed using TRNSYS: (i) a single zone building in isolation, and (ii) a street On average, the level of reduction in cooling resulting from current levels of tree provision in Inner
309
London ranged between 0.6 and 0.9% depending on indoor RH control levels ( 
380

Building energy efficiency
381
The results showed that E t from the trees in Inner London is likely to provide significant energy savings 382 due to the already high and increasing cooling energy demand. Even a reduction as small as 1% equated 383 to a substantial financial benefit -£1.64 m -yet the study revealed that evaporative cooling may 384 contribute a saving of up to a 13.4% reduction in energy consumption for sensible heat cooling. At the 385 same time, moisture content in the microclimate is increased and this may increase the demand for 386 latent cooling in buildings, which highly depends on the approach of humidity control in the indoor 387 environment. For instance, under a very tight control of RH to 50%, E t may lead to an increase to total 388 cooling demand by up to 1.15%. But this is without consideration of other cooling mechanisms 389 associated with trees (shading and short-wave energy reflection; Smithers et al., 2018). Furthermore, it 390 is highly atypical for cooling systems to operate under tight humidity control, especially in the UK. Under 391 the more realistic RH control mechanisms and set-point of 60%, the modelling showed that E t from trees 396   729  730  731  732  733  734  735  736  737  738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783 784 In using a combination of published E t rates, tree population survey data and a first order modelling 398 estimate of impact on cooling load, certain limitations in the estimates must be recognised. The results 399 demonstrate value can be attributed to tree cooling, however the assumptions of homogeneity in both Acer platanoides Irrigated n/a n/a 3.5 0.034 0.075 0.053
Red Maple 2 Acer rubrum n/a n/a n/a n/a 0. Aesculus hippocastanum n/a n/a n/a n/a 0. Figure S1 . Psychrometric Chart for determining cooling from increased humidity (from: 5 http://www.handsdownsoftware.com). 
